Retaining the cubic structure, ThO, can accomodate large concentrations of lanthanides and the equivalent amount of oxygen vacancies. The reflection spectra are measured at 100 °K of Nd(III), Sm (III), Eu (III), Ho(lil), Er (III), Tm(III) and Yb(III) in such samples. The excited /-levels correspond to rather broad bands in Thi-a-Mj-Oi-o.öx whereas Nd203 and Er203 have very detailed line groups. The visible spectra indicate a very large nephelauxetic effect in the oxide, the nephelauxetic ratio ß being smaller than in the aqua ion to the extent of 0.033 for Nd(III), 0.019 for Sm (III), 0.017 for Ho (III). 0.016 for Er(III) and 0.013 for Tm (III). These values are roughly five times larger than those for the anhydrous chlorides and are quite unexpected. The lattice showed no sign of macroscopic distortion from the cubic type, but the lines obtained with the GUINIER-DEWOLFF camera were broadened and indicated either very small crystallites, or a weak variation at different points of the local size of the 1 F. HUND The purpose of our study is not so much a crystallographic as a spectroscopic one. We wanted to . However, the most conspicuous influence of the oxide rather suggest that the local size of the unit cell fluctuates, and that the local symmetry is distorted from the cubic one. It would not be easy to imagine that the intrinsic grain size of the pyrochlore samples would be so much larger than of the mixed oxides containing zirconium or thorium.
Retaining the cubic structure, ThO, can accomodate large concentrations of lanthanides and the equivalent amount of oxygen vacancies. The reflection spectra are measured at 100 °K of Nd(III), Sm (III), Eu (III), Ho(lil), Er (III), Tm(III) and Yb(III) in such samples. The excited /-levels correspond to rather broad bands in Thi-a-Mj-Oi-o.öx whereas Nd203 and Er203 have very detailed line groups. The visible spectra indicate a very large nephelauxetic effect in the oxide, the nephelauxetic ratio ß being smaller than in the aqua ion to the extent of 0.033 for Nd(III), 0.019 for Sm (III), 0.017 for Ho (III). 0.016 for Er(III) and 0.013 for Tm (III) . These values are roughly five times larger than those for the anhydrous chlorides and are quite unexpected.
Crystals with a large MADELUNG energy usually do not allow r appreciable quantities of cations with another charge than that of the main constituent to be incorporated in the lattice, except by a chargecompensation process, e. g. when Mg(II) and Mn (IV) are simultaneously introduced in A1203 . Hence, it was surprising when HUND The lattice showed no sign of macroscopic distortion from the cubic type, but the lines obtained with the GUINIER-DEWOLFF camera were broadened and indicated either very small crystallites, or a weak variation at different points of the local size of the 1 F. HUND The purpose of our study is not so much a crystallographic as a spectroscopic one. We wanted to investigate the influence of eight oxide ligands arranged in a cube, or the corresponding defective coordinations with seven oxide ligands and an oxygen vacancy, or six oxide ligands and two vacancies, on the partly filled 4f shell of the lanthanides.
This influence turned out to be much larger than in the corresponding aqua ions, giving a larger splitting (resolved in Nd203 and Er.,03 , partly unresolved in Thi -J-MJ-OO-O.SJ) of each /-level into sublevels
[at most (2/-f-l) for an even number of 4f electrons and (7 + ^) for an odd number of electrons, if we neglect possible co-excited vibrations]. However, the most conspicuous influence of the oxide rather suggest that the local size of the unit cell fluctuates, and that the local symmetry is distorted from the cubic one. It would not be easy to imagine that the intrinsic grain size of the pyrochlore samples would be so much larger than of the mixed oxides containing zirconium or thorium. ligands is an apparent decrease of the parameters of interelectronic repulsion determining the distances between the different multiplet terms of the electron configuration 4f q . This effect corresponds to a relatively much larger tendency towards covalent bonding in these compounds, compared to the aqua ion. though this tendency is less pronounced than in the transition group complexes characterized by a partly filled 3d, 4d, or 5d shell.
D
Praseodymium. The sample is black and contains at the same time Pr (III) and Pr(IV). The reflection spectrum shows narrow bands in the near infrared (see Table 1 ) characteristic for Pr(III). All the visible bands are covered by the broad intense band due to Pr(IV) or to the simultaneous presence of the two oxidation numbers.
Neodymium. Tho.80Ndo.14O1.93 is pale blue-grey and shows the characteristic bands (Table 1) caused by transitions from 4 19/2 to the other /-levels of the electron configuration 4f 3 . However, most of these excited levels correspond only to one relatively broad band in our sample, whereas it has been known for a long time that pure Nd203 has a remarkable fine-structure in such bands a . We measured blue Nd203 and confirmed this observation. Thus at ~ 100 K the band in the yellow shows 29 components, and the transition to 2 Pt/. at 437.6 mju is very narrow and accompanied by three weaker components at 438.1, 439.1 and 442.4 mju. Since no splitting of 2 P1/o is expected, these are presumably caused by vibrationally or electronically excited sublevels of the ground-state, or by Nd(III) in strongly distorted (A-type?) sites. 
whereas the latter mixture, as well as Eu203 , do not fluoresce. For a calculation of the relative position of the r3 and JT5 components, see the Appendix.
Terbium. The sample is black similar to Tb407 which was studied by VRATNY 6 . We find a band at 1790 mju in the latter oxide, probably belonging to Holmium. The very pale brown Th0.80Ho0.14O1.93 has a detailed spectrum as indicated in Table 1 .
Erbium. The pink Tho.86Ero.14O1.93 has all the /-levels expected for Er (III), and again, the bands are relatively broader than those of Er203 which show a detailed fine-structure 7 -8 . Many of the lines of Er203 must be due to co-excited vibration in the excited level and possible splitting in the groundlevel. because even 4 S3,2 shows seven narrow bands. We also measured the electronic spectrum of Er203 in the near ultra-violet using a hydrogen lamp as light source (Table 1) .
Thulium. The pale grey Tho.86Tmo.14Oj.93 has bands somewhat more narrow than the bands of the aqua ion at room temperature.
Ytterbium. The nearly colourless Tho.80Ybo.14O1.93 shows a narrow and a broader band in the near infra-red, as all other Yb (III) compounds.
Discussion
EPHRAIM and BLOCH 9 discovered the nephelauxetic effect 10 in the lanthanides, i. e. that the apparent values of the interelectronic repulsion parameters separating the multiplet terms of 4f' 1 are smaller in supposedly more covalent compounds (such as the anhydrous chlorides, bromides and iodides) than in the aqua ions and fluorides. This effect is much weaker in the 4f shell of lanthanide complexes than in the 3d, 4d and 5d shells of ordinary transition group complexes, though it is quite perceptible in Pr(III), Nd(III), Sm(III) and Gd(III) n .
SCHÄFFER 12 pointed out that oxides of Cr (III) frequently have a much larger nephelauxetic effect than one would expect from the reducing character of oxide (though it is to be remembered that O is highly unstable in the gaseous state). Actually, this phenomenon is far more pronounced in the lanthanides, and BOULANGER 13 found that the high-temperature form of Pr203 is yellow and has the three levels 3 P0 , 3 P! and 3 P2 at 5.7% lower wavenumber than the apple-green aqua ion. The similar figure (1. c. 9 ' n ) for anhydrous Prl3 which should be more covalent by most standards is only 2.9%.
The present study seems to be the first in demonstrating a nephelauxetic effect in the second half of the lanthanides, viz. in Ho (III), Er(III) and Tm(III). The order of magnitude of the effect seems to be some five times larger than in anhydrous LaCl3 containing such ions, where the nephelauxetic influence hardly can be recognized 14 .
Since the total splitting into sub-levels of the ground-level, some 100 to 300 cm -1 , is not much smaller than the general shift of all the excited levels due to the nephelauxetic effect, it is very useful that all the sub-levels of nearly all the /-levels recently have been identified for Pr (III) 
The physical significance of this equation is that do represents the stabilization of the lowest sublevels (populated at 100 °K) of the oxide minus the Tm(III) has electron transfer bands at lower waveof equ. (3) to be 2.6% for Pr(III) in yttrium aluminum garnet Y3A12(A104)3 whereas it has the opposite sign, -1.4%, for Pr(III) in LaF3 . However, these authors may have shifted the aqua ion 0.4% relative to our estimate. We may discuss two definite problems in evaluating dß. The position of 4 I13/2 in the Er (III) aqua ion is not well-known, and the value given in Table 1 is obtained by comparison with the results for Er (III) in LaCl3 2o and in molten nitrates 26 . A more plausible value may be 6650 cm -1 .
Actually, the deviations of the individual points from a straight line eq. (3) are somewhat more severe for Er(III) than for most of the other lanthanides studied here.
The treatment of Er(III) in cubic symmetry previously suggested 27 can be adapted to Er0.14Tho.80O1.93 though with other parameters, e.g. the ratio (/V^)i5/2 would be -0.35. The overall width of the /-levels is predicted to be some 200 -700 cm -1 in qualitative agreement with the spectra observed. However, we are not here making any detailed assignment of the individual sub-levels.
The aqua ion spectra of Er (III), Ho (III) and Dy (III) were previously discussed 28 . In the cases where it has been reported that the nephelauxetic effect of Er(III) anion complexes is absent or even slightly negative n ' 26 this is due to the accidental 22 C. K. J0RGENSEN cancellation of do and (dß) o for transitions in the visible region. The observation of transitions in the near infra-red has allowed the independent evaluation of the rather large value of da. Europium (III) complexes pose a most perplexing problem. It has previously been noted that the narrow and very weak transitions from 7 F0 to 5 D0, °Dj and °D2 hardly show any nephelauxetic effect 11 ' 22 . It is possible to give 0.1% as a higher limit for dß, an order of magnitude smaller than in the other Th02 cases. There is no first-order contribution to da since the groundstate is not degenerate. [This is also true for Gd (III) where dß for Gd203 is 0.8%.] The answer may again be connected with the fact that very large non-diagonal elements of the two-electron operator connect 5 D with the two other °D one of which has decreased seniority number 29 . If such non-diagonal elements were particularly strongly decreased in relatively more covalent 4f q complexes, this effect would compensate the nephelauxetic effect to a large extent. One may also consider the behaviour of Eu(III) as an extreme case of a general tendency of spinforbidden transition to show a weaker nephelauxetic effect 15 ' 16 . However, there is no theoretical support at present to explain such phenomena.
Our thorium oxide mixtures seem to be quite extreme (together with the pure oxides M203) relative to other mixed oxides. Thus, the grey-blue 30 NdA103 and pink ErA103 are included in Table 1 and show much smaller values of dß-If these compounds were cubic perovskites, the lanthanide atom would be tetradecahedrally coordinated with twelve oxygen atoms. However, our samples are distorted and did not give a cubic X-ray diagram. BERTAUT and MARESCHAL 31 recently described a hexagonal ErA103 transforming to the perovskite-structure above 1000 C. Numerous distorted perovskites are formed by lanthanides 32 ' 33 . The reason why the nephelauxetic effect is so pronounced in the thorium oxide samples may be that the partly filled 4f shell delocalizes, to the extent of ~1%, on the adjacent oxygen vacancies forming a sort of F centers. It would be interesting to perform electron spin or nuclear spin resonance experiments on lanthanide-containing Th02 made from oxygen 17 in order to show the interaction of the partly filled shell with the oxygen nuclei. It is doubtful whether the natural abundance of oxygen 17 allows nuclear spin resonance on the ordinary materials 36 .
Our conclusions are that we have a five times more extensive nephelauxetic effect in a trivalent lanthanide atom in thorium dioxide than in anhydrous lanthanum chloride, which may be compared to SCHÄFFER'S phenomenon 12 that Cr203 is slightly more nephelauxetic than CrCl3 . However, the quantitative extent is astonishing in the lanthanide case where EPHRAIM'S effect 9-10 usually is much less pronounced even in anhydrous iodides, acetylacetonates and dialkyldithiocarbamates 22 . with water, and ignited in new unglazed porcelain crucibles in an electric furnace (oxidizing conditions) at 1000 °C for 30 minutes. We did not observe the red coloration of Th02 occurring when heated to 1800 C and caused by oxygen deficiency 3 '.
Experimental
NdA103 and ErA103 were prepared in a similar way from A1(C104)3 (F1 u k a) and the same stock solutions. Though we may not have succeeded in preparing the perovskite, the reflection spectrum is widely different from that of Nd203 and Er203 .
The oxides Nd203 and Er203 of which reflection spectra were taken were heated to 500 C for a few minutes in order to remove water and carbon dioxide. A comparison with the spectra (to be discussed later) of Ndo.tLao.gOi.s (A type) and Ndo.sYbo.sOi.r, (C type) shows that the sample of Nd203 predominantly belongs to the hexagonal A-tvpe, whereas Er203 , of course, is the cubic C-type.
X-ray measurements were made with a GUINIER-DEWOLFF camera (Enraf-Nonius, Delft) using copper Ka-radiation. Silicon was used as standard substance. The films, though showing broadened lines of the CaF2(Th02) lattice, indicated no additional phases in the MO1.5 -Th02 mixtures.
Reflection spectra were measured of samples kept in contact with brass blocks at room temperature and 78 on a Cary 14 Spectrophotometer suitably modified for taking reflection spectra. However, thermocouple measurements show that the actual temperature at the surface is about 340 C K and 100 K, respectively. The light from a powerful tungsten lamp is sent, by means of a system of lenses, both on the sample to be studied and on a plane mirror or a plane surface of MgC03. After that the two beams are focussed into the instrument. In the case of the ultraviolet reflection spectrum of Er203, the spectrophotometer was used as a single-beam instrument with the usual hydrogen lamp.
The mixtures having the composition NdA103 and ErA103 were measured by Messrs. GEORGES CASARO and BERNARD DUSONCHET on the reflection attachment to the B e c k m a n DU spectrophotometer.
Fluorescence spectra were measured on the Cary 14 by a technique shortly to be described 38 .
